Background: Readmissions in patients with chronic obstructive pulmonary disease (COPD) are common and costly. We examined the effect of early follow-up visit with patient's primary care physician (PCP) or pulmonologist following acute hospitalization on the 30-day risk of an emergency department (ER) visit and readmission.
Background: Readmissions in patients with chronic obstructive pulmonary disease (COPD) are common and costly. We examined the effect of early follow-up visit with patient's primary care physician (PCP) or pulmonologist following acute hospitalization on the 30-day risk of an emergency department (ER) visit and readmission.
Methods : We conducted a retrospective cohort study of fee-for-service Medicare beneficiaries with an identifiable PCP who were hospitalized for COPD between 1996 and 2006. Three or more visits to a PCP in the year prior to the hospitalization established a PCP for a patient. We performed a Cox proportional hazard regression with time-dependent covariates to determine the risk of 30-day ER visit and readmission in patients with or without a follow-up visit to their PCP or pulmonologist.
Results: Of the 62 746 patients admitted for COPD, 66.9% had a follow-up visit with their PCP or pulmonologist within 30 days of discharge. Factors associated with lower likelihood of outpatient follow-up visit were longer length of hospital stay, prior hospitalization for COPD, older age, black race, lower socioeconomic status, and emergency admission. Those receiving care at nonteaching, for-profit, and smaller-sized hospitals were more likely to have a follow-up visit. In a multivariate, time-dependent analysis, patients who had a follow-up visit had a significantly reduced risk of an ER visit (hazard ratio [HR] , 0.86; 95% confidence interval [CI] , 0.83-0.90) and readmission (HR, 0.91; 95% CI, 0.87-0.96).
Conclusion:
Continuity with patient's PCP or pulmonologist after an acute hospitalization may lower rates of ER visits and readmission in patients with COPD. Med. 2010; 170(18) : [1664] [1665] [1666] [1667] [1668] [1669] [1670] C HRONIC OBSTRUCTIVE PULmonary disease (COPD) is the fourth leading cause of death in the United States and the only disease associated with both increasing morbidity and mortality over the past 30 years. 1 Research has consistently shown that patients with COPD have exceedingly high rates of hospitalization and emergency department (ER) visits. In 2000, COPD resulted in 726 000 hospitalizations and 1.5 million ER visits in the United States. 2 One in 5 patients discharged with COPD is rehospitalized within 30 days of discharge. 3, 4 A recent study of over 11 million Medicare beneficiaries found COPD to be the third most common cause of 30-day rehospitalization. 4 In 2005, potentially preventable hospital readmissions cost Medicare $12 billion. 5 This burden underscores the importance of developing strategies to reduce these early readmissions for persons with chronic conditions. Age, disease severity, functional limitation, lack of social support, length of stay, and prior hospitalization are well-known risk factors for rehospitalization. [6] [7] [8] [9] [10] [11] [12] Geographic variation in readmission rates suggests that some readmissions are potentially preventable. 4, 13 Coordinated discharge planning and hospital athome and self-management education have been shown to reduce both exacerbations and hospitalization among patients with chronic diseases. [14] [15] [16] [17] Despite the consistently high rates of rehospitalization among patients with COPD, limited information is available on whether follow-up care with a patient's primary care physician (PCP) or pulmonologist after hospitalization for COPD reduces early rehospitalization (ie, within 30 days). In this study of patients hospitalized for COPD in an acute care setting, we assessed whether follow-up care within 30 days of discharge with the patient's PCP or pulmonologist that they had seen prior to hospitalization was associated with a reduced rate of 30-day ER visits and rehospitalization. We also examined patient and hospital characteristics associated with early outpatient follow-up.
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METHODS
SOURCE OF DATA
We conducted a population-based cohort study using enrollment and claims data for a 5% national sample of Medicare beneficiaries from 1995 to 2006. 18 
PATIENT-LEVEL CHARACTERISTICS
Medicare enrollment files were used to categorize patients by age (66-74 years, 75-84 years, and Ն85 years), sex (male or female), and race/ethnicity (non-Hispanic white, black, or other). A Medicaid indicator (state buy-in) in the enrollment file was used as a proxy for low socioeconomic status (SES). Information regarding the origin of the admission (via the ER vs other), day of admission (weekend vs other), and discharge DRG were obtained from the MEDPAR files. A patient's place of residence was categorized by size of metropolitan area in quartiles. A comorbidity score was generated using the Elixhauser comorbidity score, using inpatient and outpatient billing data. 21 Any prior claim for hospitalization with a DRG for COPD was considered a prior admission. Length of stay was categorized as 1 to 2 days, 3 to 4 days, 5 to 7 days, and more than 7 days. A patient was considered to have used intensive care unit (ICU) services if there was a claim for any ICU stay of more than 1 day.
HOSPITAL-LEVEL CHARACTERISTICS
Hospital characteristics, including total number of beds, type of hospital, medical school affiliation, and location, were obtained from data in the POS files. The total number of beds was categorized as less than 200, 200 to 349, 350 to 499, and 500 or more; the location was grouped by CMS region; the hospital type was categorized as nonprofit, for-profit, or public; and medical school affiliation was categorized as none, minor, or major.
DEFINITION OF PCP
A patient was defined as having a PCP if he or she had 3 or more visits to a PCP in a year prior to the hospitalization. There is no well-established algorithm to identify a patient's PCP using administrative data. Having 3 or more visits to the same PCP in a year had a 76.3% concordance to the patient's selfidentified PCP. 22 The Health Care Financial Administration (HCFA) Common Procedure Terminology (CPT) evaluation and management codes 99201 to 99205 (new patient encounter) and codes 99221 to 99215 (established patient encounter) were used to identify visits to the patient's PCP. For purposes of this study, a PCP was defined as a general practitioner, family physician, internist, or geriatrician. Physician specialty was determined from hospital claims in the MEDPAR file.
ESTABLISHMENT OF THE FOLLOW-UP VISIT
An outpatient visit to the patient's PCP or pulmonary physician (who saw the patient in the year prior to the hospitalization) within 30 days of the discharge date established follow-up care for that admission. We included pulmonary physicians in follow-up visits because 25.9% of our study patients were cotreated with a pulmonary physician (ie, had Ն1 outpatient visit to a pulmonary physician in the year prior to the hospitalization). Outpatient physician visits were captured using HCFA CPT evaluation and management codes 99221 to 99215 (established patient encounter).
OUTCOME
The primary outcomes were (1) an ER visit and (2) a rehospitalization within 30 days of the discharge date. For patients with more than 1 ER visit or rehospitalization within 30 days, only the first event for each outcome was counted. We chose a 30-day window because most preventable readmissions occur within 1 month of discharge, and Medicare uses this time interval to compare readmission rates for hospitals across the United States.
STATISTICAL ANALYSES
We compared the patient and hospital characteristics between those with and without a follow-up visit to their PCP or pulmonologist within 30 days of discharge. The cumulative percentage of follow-up visits with their PCP or pulmonologist were estimated using the Kaplan-Meier method. In this analysis, patients were censored at death or 30 days after discharge. We repeated the analysis by also censoring patients who had an ER visit or readmission prior to the follow-up visit. The Cox proportional hazard model was used to identify factors associated with a follow-up visit within 30 days. To avoid time-dependent bias, a follow-up visit was treated as a timedependent covariate to allow it to change over time during the 30-day period. Patients were assigned to the group "without follow-up visit" until they had their first follow-up visit to their PCP or pulmonologist after discharge. The outcomes of ER visit and rehospitalization for patients with and without a follow-up visit were estimated by multistate Nelson-Aalen estimation, [23] [24] [25] a nonparametric method of calculating the cumulative hazard for time-varying covariates. We used a Cox proportional hazards technique with time-dependent covari-ates to model the effect of follow-up visits on 30-day outcomes. 26 In these Cox proportional hazard models, the multivariate-adjusted hazard ratios (HRs) with corresponding 95% confidence intervals were estimated using admissions with no follow-up with their PCP or pulmonologist as a reference group. The covariates in the models were age, sex, race/ ethnicity, SES, region, comorbidity, admission day (weekend or not), year of admission, history of prior COPD hospitalization, length of stay, source of admission, hospital teaching status, metropolitan size, type of hospital, and size of hospital. Efron approximation 27 in the partial likelihood function was used to handle ties for events occurring on the same day in several patients within the 30-day follow-up period. To adjust for the clustering effect at the hospital level, robust sandwich estimation was used. 24 We reanalyzed the 30-day outcomes (excluding death) and focused on any emergent or urgent readmission within 30 days or any readmission related to pulmonary conditions (COPD, pneumonia, pneumothorax, lower respiratory tract infection, and pulmonary embolism). The proportional hazard assumption was examined by plotting the log of cumulative hazard rates against time for patients with and without follow-up visits. The log of cumulative hazard rates was proportional to the follow-up time, and there were no violations to the proportional hazard assumption. All reported P values were 2-sided, and PϽ.05 was considered statistically significant. All analyses were performed with SAS statistical software (version 9.1; SAS Inc, Cary, North Carolina).
RESULTS
A total of 62 746 hospitalizations for COPD exacerbation occurred between 1996 and 2006 for patients who had a PCP prior to hospitalization. Of these patients, 74.1% were exclusively treated by their PCP and 25.9% were cotreated with a pulmonary physician in the year prior to the hospitalization. Patients who did not have a follow-up visit with their PCP or pulmonologist were more likely to have a longer length of hospital stay, be older (Ͼ85 years), be black, have a low SES, have multiple comorbidities, and be admitted through the ER compared with those who had a follow-up visit within 30 days of discharge. Patients who lived in a large metropolitan area, received care at a major teaching hospital, or received care at a large hospital were also less likely to have a postdischarge follow-up visit. There were no differences between the groups in prior admissions for COPD, geographic region, admission day of the week, or type of hospital.
Also shown in Table 1 are the multivariate analyses of patient-and hospital-level characteristics on the likelihood of an outpatient follow-up with their PCP or pulmonologist. The odds of a follow-up visit within 30 days of discharge increased 2% (95% CI, 1%-2%) per year from 1996 to 2006. Factors associated with a lower likelihood of outpatient follow-up were longer hospital stay, prior COPD hospitalization, older age, black race, lower SES, and emergency admission. Those receiving care at nonteaching, for-profit, and smaller sized hospitals were more likely to have a follow-up visit within 30 days of discharge. Censoring patients who had an ER visit or readmission prior to a follow-up visit with their PCP or pulmonologist did not change the adjusted HR for most of Table compares the variables listed in Table 1 Patients who had a follow-up visit with their PCP or pulmonologist after discharge had fewer ER visits and lower readmission rates. The 30-day rates of postdischarge ER visits in patients with follow-up to their PCP or pulmonologist was 21.7% compared with 26.3% in those with no postdischarge follow-up (P Ͻ.001). Similarly, 30-day readmission rates were 18.9% and 21.4% for patients with and without a follow-up visit with their PCP or pulmonologist, respectively (P Ͻ .001). Of the 11 558 readmissions within 30 days, the top 3 reasons for readmission were COPD (24.1%), pneumonia or respiratory infection (12.9%), and heart failure (7.8%).
In a time-dependent analysis, controlling for patientand hospital-level characteristics and excluding patients (n=1817) who died within 30 days of discharge, patients seen by their PCP or pulmonologist had lower 30-day adjusted rates of ER visits (HR, 0.86; 95% CI, 0.83-0.90] and readmission (HR, 0.91; 95% CI, 0.87-0.96) compared with those not seen by their PCP or pulmonologist ( Table 2 ). The magnitude of the results did not change when we included patients who died within 30 days of discharge or restricted outcomes to hospitalization for pulmonary conditions or urgent or emergent admissions. Factors associated with increased 30-day risk of an ER visit or readmissions were length of initial hospitalization (Ͼ7 days), comorbidities, prior hospitalization for COPD, male sex, low SES, ICU stay, admission from the ER, and weekend hospital admission.
COMMENT
We found that patients with COPD who had an early follow-up with their PCP or pulmonologist after acute hospitalization had lower odds of a 30-day ER visit or hospital readmission compared with patients who had no such follow-up. In patients with COPD, a follow-up visit within 30 days of initial hospitalization was associated with 14% fewer ER visits and 9% fewer readmissions 30 days after discharge. Continuity of care with a PCP or a pulmonologist after an acute hospitalization is a potentially modifiable factor that may lower the risk of clinical relapse requiring an ER visit or readmission in patients with COPD.
Rehospitalizations among Medicare beneficiaries are common and costly. 4 In 2004, 19.6% of older adults were rehospitalized within 30 days of discharge at an estimated cost of $17.4 billion. Congestive heart failure, psychosis, and COPD are the chronic conditions with the highest 30-day readmission rates (26.9%, 24.6%, and 22.6%, respectively). Our findings of COPD, pneumonia, and congestive heart failure as the most frequent cause for readmission in patients hospitalized for COPD are similar to those in a recent study by Jencks et al. 4 We used the follow-up visit as a time-dependent covariate in our analyses. A prior study using follow-up visit as a fixed variable showed a large effect of follow-up visit on reducing repeated ER visits within 90 days of an initial ER visit. 28 The bias in these analyses results from the fact that patients who are readmitted earlier will not have a chance to see their physicians and hence are included in the "no follow-up" group; this makes the "no followup" group seem worse and thus overestimates the benefit of a follow-up visit. For example, when we analyzed the effect of a 30-day follow-up visit as a fixed variable, we found a large reduction in 30-day risk of readmission (HR, 0.48; 95% CI, 0.47-0.50) compared with when the follow-up visit was analyzed as a time-dependent variable (HR, 0.91; 95% CI, 0.87-0.96). Time-dependent bias can artificially inflate effects and is common in articles published in medical journals. 29 Patients who were black and those with low SES had higher rates of rehospitalization and were less likely to follow up with their PCP or pulmonologist. These find- Abbreviations: CI, confidence interval; ER, emergency department; HR, hazard ratio; PCP, primary care physician.
a The HRs indicate the association of follow-up visit with patient's PCP or pulmonologist within 30 days of discharge with the risk of ER visit or readmission after adjusting for all the variables listed in Table 1 . Deaths (n = 1817) within 30 days of discharge were excluded from the analysis.
ings are consistent with those of previous studies that found substantially lower use of screening and preventive care among these subgroups. Efforts to improve early follow-up are necessary, especially in these vulnerable populations. It will be particularly important to examine the specific socioeconomic barriers and behavioral factors that underlie the reduced access to outpatient care in these patient subgroups. Similarly, older adults and those with multiple comorbidities were less likely to have an outpatient follow-up visit.
Patients receiving care at teaching hospitals were less likely to follow up with their PCP or pulmonologist than those treated at community hospitals. Patients are more likely to see their outpatient health care provider during hospitalization in community settings, 30 and this continuity across transition may also increase the likelihood that they will follow up with their PCP after discharge.
Chronic obstructive pulmonary disease is designated an ambulatory care sensitivity condition (ACSC) by the Agency for Healthcare Research and Quality, among others; ACSCs are medical conditions for which timely access to outpatient care can obviate the need for hospitalization. However, a randomized controlled trial of improving access to primary care after discharge in male veterans hospitalized for COPD, congestive heart failure, or diabetes mellitus-related complications found increased rehospitalization rates in patients with increased access to care over 6 months after discharge. 31 This study included only veterans who did not have a PCP, and the negative findings may be explained by the fact that assigning chronically ill patients to a PCP with no prior relationship may not translate into immediate reduction in hospitalizations.
Readmission rates can be lowered by postdischarge follow-up. 32, 33 Patients who follow up with their outpatient physicians after hospitalization may have fewer ER visits and readmissions for various reasons. Most patients are discharged with their symptoms improving but not completely resolved. Early follow-up with their PCP or pulmonologist can help intervene by adjusting medications to potentially avoid an ER visit or hospitalization. In patients with advanced disease, early referral to a pulmonary specialist, or cotreatment 34 can raise the quality of care and improve survival.
Our study has several limitations. We examined only follow-up visits with the patient's own PCP or pulmonologist. Some patients may have had follow-up visits with other physicians or mid-level health care providers after discharge. This would have led to an underestimation of postdischarge follow-up. However, this change would affect the magnitude but not the direction of the association between follow-up and 30-day ER visits or readmission. We did not have information on the quality of care during the index hospitalization. Substandard care during hospitalization is associated with early relapse and readmission. 35 In addition, information on outpatient treatment of COPD prior to the hospitalization and COPDspecific disease severity measures are not available in the administrative data set. Patients with more severe disease are likely to have recurrent exacerbations and frequent hospitalization. As a surrogate for severity of COPD, we controlled for prior COPD hospitalization in our analyses. Physician practice patterns can influence the decision to admit a patient independent of a patient's clinical status and were not examined in the present study. 36 Our study did not examine care coordination, such as early discharge to pulmonary rehabilitation, homehospital (in which the patient is treated by his or her PCP or other health care provider at home; this type of care is common in Europe), home visits from a respiratory therapist, or nurse or self-management education, all beneficial in reducing COPD exacerbations. 16, 37, 38 This may have lowered our estimate of the true benefits of follow-up care. We included 1 admission per patient per year in our analyses. Theoretically, a patient can have a maximum of 11 admissions (once per year during the entire study period), which can result in clustering at the patient level. We did not adjust for clustering at the patient level, and this may have resulted in a small bias in our estimates. Our results may not be applicable to nonMedicare patients or those enrolled in managed care. Finally, given the observational design of the study, we cannot exclude unmeasured or residual confounding as a possible explanation for the observed associations.
In summary, an early follow-up visit with a patient's PCP or pulmonologist is associated with decreased likelihood of an ER visit and hospital readmission within 30 days of discharge in patients hospitalized for COPD. Discharge planning that emphasizes early outpatient follow-up may reduce hospital readmissions in patients with COPD.
